INTRODUCTION {#sec1-1}
============

Diabetes mellitus represents one of the major chronic health problems faced by the society today. The incidence of diabetes mellitus all over the world, and especially in India, is on a steep rise. According to the diabetes atlas published by the International Diabetes Federation,\[[@ref1]\] the estimated diabetes prevalence for 2010 rose to 285 million, representing 6.4% of the world\'s adult population, with a prediction that by 2030, the number of people with diabetes will have risen to 438 million. It is estimated that every fifth person with diabetes will be an Indian. The National Urban Diabetes Survey (NUDS) reported that the prevalence of impaired glucose tolerance (IGT) in the Indian subcontinent is \~8.7% in urban and \~7.9% in rural areas.\[[@ref2]\] Because of the observation that \~35% of those with IGT will develop full-blown diabetes in ≤5 years, the sheer numbers of those with diabetes seems overwhelming.\[[@ref2]\] Moreover, 50% of the diabetics go undiagnosed.\[[@ref3]\] Diabetes and periodontitis seem to interact in a bidirectional manner.\[[@ref4]\] The increased prevalence and severity of periodontitis seen in patients with diabetes, especially in those with poor metabolic control, has led to the designation of periodontal disease as the "sixth complication of diabetes,"\[[@ref5][@ref6]\] and successful periodontal therapy in diabetic patients entails the stabilization of blood glucose to a normal range.\[[@ref5][@ref7]\]

Diabetes mellitus is often asymptomatic in its early stages and can remain undiagnosed for many years.\[[@ref8]\] As a result, by the time of diagnosis in many of these individuals, beta cell function may have declined substantially\[[@ref9]\] and significant damage may already have occurred. Thus, there is a critical need to increase opportunities for diabetes screening and early diabetes detection, especially among those who may be at a high risk for diabetes. Expanding the range of venues to augment the conventional medical office is one strategy to increase the likelihood of identifying people with undiagnosed diabetes. Screening for type 2 diabetes mellitus would allow earlier recognition of cases, with the potential to intervene earlier in the disease course. Because of the association between dental infections and diabetes mellitus, and because the presence of one promotes the other, dentists are extremely likely to encounter an increased number of undiagnosed diabetic patients.\[[@ref4][@ref10]\]

Self-monitoring devices provide a simple method for rapid monitoring of the glucose level in blood by utilizing a blood sample from the finger but requiring a needle puncture of the skin to obtain a drop of blood.\[[@ref11]\] With regard to the development of painless and non-invasive methods to measure blood glucose, considerable effort has been made in the past few years. However, until now, no such methods are in routine clinical practice. Oozing blood from the gingival crevice during periodontal probing may allow non-invasive or minimally invasive monitoring of blood glucose.\[[@ref10][@ref11][@ref12][@ref13]\] The aim of this study was to evaluate a quick, safe and non-invasive method to screen for diabetes during regular periodontal examination using Accu-Chek, self-monitoring glucometer.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 100 patients, 50 diabetic and 50 non-diabetic aged 26-66 years, were randomly selected from the outpatient Department of Periodontics, Pacific Dental College and Hospital, Rajasthan, India. Known diabetic cases included were on the basis of history and medical records furnished by the patients. Both the study and the control group patients had moderate to severe gingivitis, with at least one tooth in the maxillary anterior region showing bleeding upon probing. The proposed study was reviewed by the ethical committee of the institution and clearance was obtained. An informed consent was obtained from each subject before conducting the trial. Patients undergoing treatment for anemia, polycythemia, gout, dialysis or any other disorder that could cause an abnormal variation in the hematocrit and with any requirement of antibiotic premedication were excluded. In addition, subjects with a history of any systemic diseases, subjects on medication that interfered with coagulation (e.g., analgesics, anti-coagulants) or supplemental Vitamin C that could interfere with the glucose test strip oxidation reaction were also excluded.

Standard periodontal examination was carried out in subjects who befitted the selection criteria. Gingival index (Loe and Silness, 1963) and Oral Hygiene Index-Simplified (Green and Vermillion, 1964) were recorded. The gingival crevicular blood glucose (GCBG) levels were recorded using an Accu--Chek Active (Roche Diagnostics, Germany) self-monitoring device. The results from this device were compared with the peripheral finger-stick blood glucose (PFBG) values in patients with comparable gingival and oral hygiene status.

The gingiva around the upper anterior teeth was chosen to be the donor site for the gingival crevicular blood (GCB) sample as they offer ideal access. Supra- and subgingival scaling was carried out to help facilitate collection of the blood. Contamination with saliva was minimized by using gauze and air-drying. Maxillary anterior teeth were probed with a William\'s periodontal probe, with a force of approximately 0.2 N. Bleeding on probing was assessed during 30-60 s after probing. Sites with profuse bleeding were preferred as donor sites while sites with suppurations were avoided. To obtain a clean sample, probing was repeated, when necessary, until a sufficient quantity of blood (2-3 μL) was present to gather a sample.

The blood was collected with the help of a small glass capillary tube of 2 mm bore and transferred on to a test strip \[[Figure 1](#F1){ref-type="fig"}\]. The Accu-Chek glucometer reports blood glucose measurements in mg/dL within 15-30 s \[[Figure 2](#F2){ref-type="fig"}\]. If the blood sample was inadequate, the test was repeated using a new test strip. Then, the regular capillary finger stick blood was collected from one of the patient\'s fingers. The pad of the finger was wiped with alcohol, allowed to dry and then punctured with a sterile lancet. The blood was drawn onto the test strip preloaded in the glucometer \[[Figure 3](#F3){ref-type="fig"}\]. Both samples from each individual were taken at the same visit. Results were recorded and tabulated for each patient of the diabetic and non-diabetic groups.

![Collection of gingival crevicular blood with a glass capillary tube](JISP-17-472-g001){#F1}

![Blood glucose reading in the glucometer](JISP-17-472-g002){#F2}

![Finger tip pricked and peripheral fingerstick blood applied onto the test strip](JISP-17-472-g003){#F3}

Statistical analysis {#sec2-1}
--------------------

Analyses of the obtained results were carried out by two statistical tests: (1) Student\'s independent *t*-test to test the significance of difference between the two readings and (2) Karl Pearson\'s product--moment correlation. The tests were performed separately for the diabetic and non-diabetic groups.

RESULTS {#sec1-3}
=======

The study group involved 50 diabetic patients (type I, type II): 27 males and 23 females; and the control group involved 50 non-diabetic patients: 30 males and 20 females; in the age range of 26-66 years. The sex- and age-wise distribution of the100 patients are shown in [Table 1](#T1){ref-type="table"}. In group 1, the prevalence of diabetes was higher for females in the 31-50 years age group, while more males had diabetes in the 51-70 years age group. Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"} show the comparison between GCBG levels and PFBG levels in the diabetic and non-diabetic groups, respectively. There was no statistically significant difference between the GCBG values and the PFBG levels in the diabetic (*P* = 0.129, NS) as well as the non-diabetic groups (*P* = 0.503, NS).

###### 

Age and sex distribution of diabetic and non-diabetic patients

![](JISP-17-472-g004)

![Comparison of gingival crevicular blood glucose and peripheral fingerstick blood glucose in the diabetic group](JISP-17-472-g005){#F4}

![Comparison of gingival crevicular blood glucose and peripheral fingerstick blood glucose in the non-diabetic group](JISP-17-472-g006){#F5}

The mean and standard deviations values for the GCBG and PFBG in the diabetic and non-diabetic groups were calculated \[[Table 2](#T2){ref-type="table"}\]. The mean GCBG in both the diabetic and the non-diabetic (193.52 mg/dL ± 74.93 and 97.2 mg/dL ± 15.7, respectively) groups was slightly lower than the mean PFBG in both groups (218.54 mg/dL ± 84.04 and 104.48 mg/dL ± 13.84, respectively). Karl Pearson\'s product--moment correlation coefficient was calculated between GCBG versus peripheral finger blood glucose for the diabetic and the non-diabetic groups. There was a significantly positive correlation seen in both the groups \[[Table 3](#T3){ref-type="table"}\]. A slightly stronger positive correlation was observed between GCBG values and peripheral finger blood glucose values in the diabetic group (r = 0.943) when compared with the non-diabetic group (r = 0.926).

###### 

GCBG values and PFBG values in the diabetic and non-diabetic groups

![](JISP-17-472-g007)

###### 

Karl Pearson\'s prodcut--moment correlation (r) for gingival crevicular blood glucose values versus peripheral fingerstick blood glucose values in the diabetic group and the non--diabetic groups

![](JISP-17-472-g008)

Regression line and scatter plot of the linear relationship between the glucose measurements of the gingival blood and finger puncture method were performed for both the diabetic and the non-diabetic groups, and is shown in Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}, respectively.

![Regression line and scatter plot of the linear relationship between the glucose measurements from the gingival blood and the finger puncture method in the diabetic group](JISP-17-472-g009){#F6}

![Regression line and scatter plot of the linear relationship between the glucose measurements from the gingival blood and the finger puncture method in the non-diabetic group](JISP-17-472-g010){#F7}

DISCUSSION {#sec1-4}
==========

Diabetes mellitus and periodontitis seem to interact in a bi-directional manner.\[[@ref4]\] Various studies prove that periodontal therapy exerts beneficial effects on diabetes mellitus control.\[[@ref14]\] Diabetes is undiagnosed in approximately one-half of the patients with the disease.\[[@ref15]\] The American Diabetes Association (2000) recommends that screening for diabetes should start at the age of 45 years, and be repeated every 3 years in individuals without risk factors for diabetes, and earlier and more often in individuals with risk factors.\[[@ref15]\] Our study includes patients from the 21 to 30 years age group because of the increased prevalence of diabetes in the younger age group in India.\[[@ref2][@ref16]\] However, we found no incidence of diabetics in this age group in the present study.

The periodontist frequently manages diabetic patients using limited information about their blood glucose control.\[[@ref17]\] Often, the only information available is from a single laboratory test that may not reflect their current blood glucose status. Monitoring their blood glucose during the office visit may be a better alternative. Periodontal inflammation is known to produce ample extravasated blood during diagnostic procedures. It is possible that GCB from probing may be an excellent source of blood for glucometric analysis using the technology of portable glucose monitors. The American Diabetic Association recommended that the prediction error of blood glucose monitoring devices falls within 15% of the laboratory standard.\[[@ref18]\] Consequently, studies evaluating the predictability of test strip glucose monitors have shown to fall within this range.\[[@ref10]\] The test strip reaction is time dependent and begins as soon as blood is applied. Reagent strips were also shown to be fairly reliable and accurate for clinical use.\[[@ref19]\]

In this study, the GCBG value was compared with the PFBG value to ascertain whether the former relates to the latter, and thus whether it could serve as an alternative to measure the blood glucose. Estimations of sulcular blood glucose levels were previously conducted and showed correlations with capillary blood glucose levels, thereby suggesting that testing sulcular blood may be a valuable tool in identifying potential patients with diabetes.\[[@ref10][@ref11][@ref20]\] However, the correlation between the two measures can be influenced by a variety of factors such as site of sample collection, sampling methodology, type of instrument used and duplicate sampling. Regarding site of sample collection, a previous study by Strauss *et al*.,\[[@ref21]\] reported that GCB samples were suitable to screen for diabetes in persons with sufficient bleeding on probing to obtain a sample without touching the tooth or the gingival margin\[[@ref21]\] (i.e., in patients having the basic clinical signs of gingivitis or periodontal disease). Also, the method of collection of sulcular blood is critical because the resultant glucose values may be altered if there is any contamination of the collected sample by the oral tissues or tissue products. Past intraoral blood glucose studies\[[@ref10][@ref12][@ref22]\] have transferred blood onto the test strip by wiping blood directly from the hemorrhagic gingival tissue with the test strip itself or by rubbing blood onto the test strip from a blood-laden dental curette. Rubbing or direct wiping of intraoral blood onto the strip will not produce a uniformly timed reaction and may damage the strip\'s chemical indicator surface. Significant contamination may occur from saliva and oral debris present at the wiped gingival area or from plaque and crevicular fluid on the dental curette. In the present study, isolating the bleeding gingival site with a gauze after scaling and then rapidly sampling blood with the capillary tube was an improvement over the past studies. Using the capillary tube might not eliminate contamination. However, it does reduce saliva, plaque and debris by collecting free-flowing blood just inside the gingival crevice. As early as 1969, Stein and Nebbia\[[@ref22]\] used the interdental gingival papilla prick method with test strips to screen patients with high gingival blood glucose and, more recently, Shetty and Kohad (2011) *et al*.,\[[@ref23]\] studied a previously unsuspecting periodontal population for diabetes using the same method. However, because majority of the patients are usually apprehensive whenever invasive techniques are used, we have incorporated the non-invasive method where the blood oozing out during routine periodontal examination is checked for diabetes.

Regression line and scatter diagram of the linear relationship between fingerstick capillary and GCB were plotted for the diabetic as well as the non-diabetic groups \[Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}, respectively\]. With the help of this chart, the capillary fingerstick blood glucose values can be predicted by knowing the GCBG value. Additionally, Student\'s independent "*t*" test was calculated in this study, which showed no significant difference between the GCBG levels and the PFBG levels in both the groups. Although the sample collection from both the sites would involve capillary blood, still, a variance was observed with a general trend of finger stick blood glucose values being slightly higher than the crevicular blood glucose values. The reason for this could be dilution of gingival blood with gingival crevicular fluid and other contaminants. Interestingly, however, it should be noted that as the blood travels from the capillary to the venous circulation, the blood glucose values come down (by approximately 3.5 mg/dL) due to the normal glycolysis that takes place. Hence, true laboratory glucose values obtained by measuring venous blood would be closer to the capillary blood glucose values taken from the gingival sulcus rather than the finger.\[[@ref11]\]

The clinical application of these findings involves the interrelationship of diabetes mellitus and periodontal disease. Consulting with the diabetic patient\'s physician routinely yields the result of a single blood glucose test. Because periodontal disease requires long-term treatment that often continues for years, a single blood glucose test would definitely be insufficient for periodontal management. Using the method described in this study, the practitioner can rapidly measure blood glucose many times using the GCB. Multiple measurements of the diabetic patient\'s blood glucose allows the practitioner to better assess the patient\'s diabetic control as the treatment progresses. Apart from this, suspected diabetics can also be screened in the dental office itself and then referred for further investigations if required. Because the measurement of glucose through GCB involves a quick and simple intraoral procedure with minimal cost, dental professionals may be motivated to implement diabetes screening and feel comfortable and confident in doing so.

We acknowledge the limitations in the present research. First, as was true of the studies by Beikler *et al*.,\[[@ref10]\] Khader *et al*.\[[@ref12]\] and Müller and Behbehani,\[[@ref24]\] we did not collect venous blood samples, the gold standard with which to measure glucose in the laboratory, nor did we collect duplicate GCB and capillary finger-stick bloodsamples, as was done in the study by Parker *et al*.,\[[@ref11]\] However, when using the mean of the duplicate measures of the GCB and CFB glucose readings, Parker *et al*.,\[[@ref11]\] determined that it was not better than a single measurement in determining the correlation, bias, precision and prediction error of the GCB and CFB glucose measures. Also, as was the case with the studies by Beikler *et al*.,\[[@ref10]\] and Müller and Behbehani,\[[@ref24]\] our participants were not fasting, nor were the results adjusted based on the time since the participants last ate. Notably, although some research\[[@ref25][@ref26]\] found that the concurrence of glucose measures from CFB and from alternate testing sites is diminished in the postprandial period, other studies\[[@ref27][@ref28]\] failed to find that the length of time since last food intake affected this concurrence.

CONCLUSION {#sec1-5}
==========

The results of the present study indicate that GCB collected during diagnostic periodontal examination may be an excellent source of blood for glucometric analysis. In addition, the technique described is safe, easy to perform and comfortable for the patient and might therefore help to increase the frequency of diabetes screening in dental offices. Although not a test to diagnose diabetes, such screening is an important aid in identifying those for whom follow-up tests regarding possible diabetes are warranted. Furthermore, the costs associated with the purchase of a readily available glucometer and individual test strips are extremely modest. Thus, with minimal cost and a limited investment of time for patients and clinicians, dental professionals can play a critical role in supporting their patients' overall health.
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